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STUDENT HANDOUT
DESI GN | NTERI OR ELECTRI CAL W RI NG SYSTEMS

3. LEARNI NG OBJECTI VES:

a. TERM NAL LEARNI NG OBJECTI VE:

Provided a building requiring an interior electrical wring
system the construction plans for the building, a report detailing
interior electrical systemrequirenents, and references, design an
interior electrical wiring systemsuch that the wiring neets the
requi rements of the report and the National Electrical Code and the
safety requirenents of the references. (1141. 08.05)

b. ENABLI NG LEARNI NG OBJECTI VES:

(1) Provided a list of standard construction synbols and a |i st
of standard itens found in a floor plan, without the aid of reference,
mat ch each itemto it’'s synbol in accordance with TM 5-704.

(1141. 08. 05a)

(2) Provided a list of standard el ectrical conponents and a
list of standard electrical synbols, without the aid of reference,
mat ch each conponent to its synmbol in accordance Wring Skills, Unit 1
and TM 5-424, (1141. 08. 05hb)

(3) Provided a list of definitions of standard electrical terns
and a list of standard electrical terns, without the aid of reference,
mat ch each termto its definition in accordance with Wring Skills,
Unit 1 and TM 5-424.  (1141.08. 05c)

(4) Provided a list of electrical conponents, w thout the aid
of reference, identify the operation of each conponent in accordance
with Wring Skills, Unit 1. (1141. 08. 05d)

(5) Provided the National Electrical Code and a |ist of
el ectrical situations, with the aid of reference, identify one article
that applies to each electrical situation in accordance with the
Nati onal Electrical Code. (1141. 08. 05¢e)

(6) Provided a list of electrical equiprment to be installed in
each room and construction prints, with the aid of reference,
calculate the general lighting |oad in accordance with the Nationa
El ectrical Code. (1141. 08. 05f)



(7) Provided a list of electrical equiprment to be installed in
each room and construction prints, with the aid of reference,
cal cul ate the mi ni mum nunber of branch circuits required in accordance
with the National Electrical Code. (1141. 08. 059)

(8) Provided a list of electrical equipnment to be installed in
each room and construction prints, with the aid of reference,
calculate the total demand of the structure in accordance with the
Nati onal Electrical Code. (1141. 08. 05h)

(9) Provided a list of electrical equiprment to be installed in
each room and construction prints, with the aid of reference,
cal culate the mninmum size of the service entrance conductor in
accordance with the National Electrical Code. (1141. 08.05i)

(10) Provided a list of electrical equipnment to be installed in
each room and construction prints, with the aid of reference,
cal culate the m ninmumsize of the neutral conductor in accordance with
the National Electrical Code. (1141. 08.05j)

(11) Provided a Iist of electrical equipnment to be installed in
each room and construction prints, with the aid of reference,
cal cul ate the over-current protection devices required in accordance
with the National Electrical Code. (1141. 08. 05k)

(12) Provided a list of electrical equipnment to be installed in
each room and construction prints, with the aid of reference,
calculate the size of the grounding el ectrode conductor in accordance
with the National Electrical Code. (1141.08.051)

(13) Provided a list of electrical equipnment to be installed in
each room and construction prints, with the aid of reference, select
t he proper size conductors for each branch circuit in accordance with
the National Electrical Code. (1141. 08.05m

(14) Provided a list of electrical equipnent to be installed in
each room and construction prints, with the aid of reference, select
t he proper size boxes for each branch circuit in accordance with the
National Electrical Code. (1141.08.05n)

(15) Provided a list of electrical equipnment to be installed in
each room construction prints, and designated circuits, with the aid
of reference, calculate the conduit to be installed in each designated
circuit in accordance with the National Electrical Code.

(1141. 08. 050)

(16) Provided a branch circuit schedule, with the aid of
reference, conplete the branch circuit schedul e in accordance with
Wring Skills Unit 1. (1141. 08. 05p)

(17) Provided a branch circuit material schedule, with the aid
of reference, conplete the branch circuit material schedule in
accordance with Wring Skills Unit 1. (1141. 08. 05q)



(18) Provided a service naterial schedule, with the aid of
reference, conplete the service material schedule in accordance with
Wring Skills Unit 1. (1141. 08. 05r)

(19) Provided a lighting fixture schedule, with the aid of
reference, conplete the lighting fixture schedule in accordance with
Wring Skills Unit 1. (1141. 08. 05s)

BODY

1. Basic Construction Synbol s:

a. Understandi ng construction synbols is inportant when
determ ning the best placenent of components to serve the user of the
el ectrical system Foreseeing the needs of an electrical system
allows the planner to neet the necessary requirenents as they apply.
Pl acement of a switch on the proper side of a doorway or nmeasuring a
wal | to ensure enough electrical outlets are provided, are just sone
of the many exanples of using and interpreting construction synbols
commonly found on a floor plan.

b. Floor plans are a cross-sectional view of a building. The
hori zontal cut crosses all openings, regardless of their height from
the floor. Note that a floor plan shows the outside shape of the
bui l di ng; the arrangenent, size, and shape of the roons; the type of
materials; and | ength, thickness, and character of the building walls.
A floor plan also includes the type, width, and | ocation of the doors
and wi ndows; the types and locations of utility installations; and the
| ocation of stairways.

c. The nost common type of door is the single hinge door. This
can be an interior or exterior door. The direction of the swi ng
denotes the operation of the door. This will be inportant when
sel ecting the location of swtches.

d. Three lines drawn parallel with the sides flanked by one to
two |ines represent double hung w ndows.

e. Folding doors are represented by two "V' shaped characters
drawn one to each side of a doorway. The point of the "V' shaped
character represents the part of the door section, which is hinged.
The first hinged point of both door sections is found where the
character makes contact with the nmouth of the doorway.

f. Sliding doors are represented by two sets of parallel lines.
One end of each set is drawn neeting the flanks of the doorway. The
parallel lines representing each of the two sliding doors overlap

approxi mately nidway of one another.

g. Awall is represented by two lines drawn parallel. The
di stance between the two lines relates to the thickness of the wall.
Sonme walls may al so be colored in with a pattern to denote the
material the wall is constructed of.



h. Steps are represented by two parallel lines, with evenly
spaced |ines drawn between them Sometines an arrow will denote the
direction of the stairs and the nunber of risers may al so be given.

i. Swinging doors are represented by two half circles drawn
opposite fromeach other with a line in the center.

2. Electrical Synbols:

a. The various electrical synbols found in nost books and
techni cal manuals nmay vary slightly, but usually the resenbl ance can
be identified using the followi ng set of synbols. Al ways nmake sure to
check all |egends that cone with the plans or ask the designer for any
synbol s that you are not familiar wth.

(1) Ceiling outlet

(2) wall nounted outl et

(3) Lanp holder with pull swtch

(4) Floor outlet

(5) Fan outlet

(6) Crossed wires that are connected or spliced
(7) Crossed wires that are not connected

(8) Range outl et

(9) Dryer outlet

(10) Special purpose 240V outl et

(11) Dupl ex outl et

(12) Grounding type duplex outl et

(13) Split circuit outlet (split-wired receptacle)
(14) Weat her proof outl et

(15) Ground fault circuit interrupt outlet (G-Cl)
(16) Battery

(17) Switch and fuse

(18) Fuse

(19) Fluorescent fixture



(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)

(41)

Single pole switch (snap switch)

Door swi tch

Doubl e pole switch
Three-way switch
Four-way swi tch
Switch with pil ot
Pushbut t on

Buzzer

Bel |

Chi me

Ca ock

Mot or

Junction box
Annunci at or
Circuit breaker

G ound connecti on
Panel board
Circuit numnber
Hone Run

Doubl e Honme Run

Nunber of conductors in a raceway

Branch circuit wring

3. Standard Electrical Terms:

a. Alternating current- An electric current that

direction at regular intervals.

reverses its

b. Anpere- The unit of neasure of electric current which wll

fl ow t hrough one ohm under a pressure of one volt.



c. Branch circuit- That portion of the wiring system between the
final over current device protecting the circuit and outlets.

d. Buzzer- A doorbell with the hanmer and gong renoved.

e. Cable- Two or nore wires grouped together in a single jacket;
al so a stranded wire heavier than No. 4/0.

f. Carrying capacity- Amount of current a wire can carry without
over heati ng.

g. Grcuit- Any conbination of wires and devices that permt an
electric current to flow fromthe source to a | oad and back to the
source. Three parts of a circuit are (1) source (2) conducting path
(3) load. A switch is also a part of a circuit but is optional

h. Circuit Breaker- A switching device which will open a current
carrying circuit under abnormal (high) current conditions w thout
injury to itself. Note that the circuit breaker is placed in the hot
side of the circuit.

i. Conduit- A type of tubing, which is used to encl ose and
protect electrical wiring. There are nany different types and sizes
dependi ng on the application needed.

j. Rigid conduit- Made to the sane di nensions as standard pipe,
usual |y nade of steel, threaded on both ends, and comes in ten foot
| engt hs.

k. Thin wall conduit (Electrical Metallic Tubing)- Galvani zed,
light in weight, conmes in ten foot |lengths with no couplings.

|. Flexible conduit (Sonetines referred to as Geenfield)- Is
simlar to B-X(trade name), but it doesn't contain wires pre-installed
by the manufacturer, and cones in coils. It is used when it is
necessary to make difficult bends.

m Conductor- Wre or cable that is capable of carrying electric
current.

n. Connector- A device used to connect or join one circuit or
terminal to another. Also a device used in raceways to connect
conduit or cable to boxes and conduit bodies.

0. Cycle- is one conplete reversal of an alternating current from
positive to negative and back to starting point (360 degrees).

p. Efficiency- The ratio between the output power and the input
power. Efficiency ratings are comonly given to transforners,
generators, and electric notors.

g. Electric potential - is the pressure or voltage of
electricity.



r. Electric service- The conductors and equi prent for delivering
energy fromthe electricity supply systemto the wiring system of the
prem ses served.

s. Electrical codes- Various rules and regulations for the
operation and installation of electrical devices.

t. Fault- Short circuit between two hot wires or one hot wire and
the neutral or between a hot wire and ground.

u. Fish wire (fish tape)- Tapes nmade of tenpered spring steel
used to pull wires through conduits and wall openings.

v. Frequency- Number of cycles per second expressed in hertz (60
Hz) .

w. Ground- A conducting connection, whether intentional or
acci dental, between an electrical circuit or equi pnent and earth, or
to sone conducting body which serves in place of earth.

X. Line drop- Voltage loss in conductors in a circuit due to
their resistance. Comonly referred to as voltage drop.

y. Load- The resistance connected across a circuit which
determ nes current flow and energy used.

z. Neutral conductor- The neutral (grounded) conductor of a three
wire systemwhich carries the unbal anced current; that is, the
di fference between the current in the two hot conductors.

aa. Ohm The unit of neasure of resistance through which one volt
will force one anpere.

ab. Open circuit- Wien a circuit is broken or a load is renoved;
not a conplete path for current to fl ow

ac. Qutlet- The point or points where electric power is taken
from conductors and consuned.

ad. Overload- A greater load applied to a circuit or device than
the circuit was designed to carry.

ae. Parallel circuit- Acircuit, which contains two or nore paths
for electricity, supplied by a common vol tage source.

af. Series circuit- Acircuit in which the sane current flows
through all the devices (one path).

ag. Service switch- The main switch or breaker that connects al
of the circuits in a building to the service wres.



ah. Service entrance wires- The wires fromthe point where the
power supplier's wire stops, up to the service equipnment. Conmonly
referred to as service entrance conductors.

ai. Short circuit- A direct connection across the source, which
provi des a zero resistance path for the current.

aj. Transforner- A device which transfers energy fromone circuit
to another by el ectromagnetic induction. Rated in KVA S

ak. Volt- The unit of neasure of the pressure required to force
one anpere through a resistance of one ohm

al. Voltnmeter- An instrunment for neasuring electric pressure or
voltage in a circuit.

am OChmmeter- An instrument for measuring resistance in a circuit
or a devi ce.

an. Ameter- An instrunent for neasuring current flowin a
circuit, (clanmp on).

ao. Watt- A unit of neasure of the total energy flowing in a
circuit at any given noment. A nmeasurenent of electric power. Many
el ectrical loads are rated in watts, which tells how much power that
i tem consunes.

ap. Watt-hour neter- A neter that indicates the instantaneous
rate of power consuned by a device or circuit.

4. Electrical Conponents:

a. Gound Fault Circuit Interrupter (G-Cl):

(1) GFCl's cone in two forns.
(a) Gound fault breaker
(b) Gound fault receptacle

(2) Both operate on the sane principle. A nmagnetic sensor
nonitors the current flowin the hot and neutral w res supplying power
to aload or circuit. Wen a fault occurs, the current flowin the
neutral wire is less than current flowin the hot wire. This
condi ti on of unequal current causes voltage to be induced in the
nmonitor pick up coil. The anplifier has a small voltage input
and the anplifier output trips the breaker.

(3) The unit will open the circuit within 1/30th of a
second after the sensor detects a | eakage as snall as five mlli-
anperes. Gound fault protection will only provide ground fault
protection.



(4) GFCl'’s will not protect against short circuits or
over| oads.

b. Three Wy Switch:

(1) The three-way switch is used in pairs to control a |oad
fromnore than one location. The three-way switch is a single pole,
doubl e throw switch (SPDT). The three-way switch has three terninals.
One termnal is called the common point or hinged point. Internally
this termnal nmakes contact with one of the remai ning two termnals.
The remaining two terminals are called traveler termnals. Traveler
termnals are connected to another set of traveler term nals on
another three-way switch. The conmon term nal “c” can usually be
identified as the termnal that is colored or darker than the traveler
termnals, or the termnals may be marked on the housing of the switch
with “c” and “t”. If the terminals are not marked a continuity check
can be done using an ohmeter to determne which terminal is the
conmon.

(2) When two three-way switches are connected together, one
switch is fed current while the other switch is connected to the | oad.
Current is fed and received by the |oad through the conmon termnals.

c. Four Way Switch:

(1) The four-way switch has four terminals. It is only
used in conjunction with two three-way switches. It is used to
control a load fromthree or nore locations. The four-way switch is
simlar to a double pole, double throw switch (DPDT).

(2) The four-way switch reverses the connections from one
pair of wires to another. These wires are known as travelers. Wen
installing a four-way switch it is inportant to ensure that the
ternminals match the travelers on the three way switches at each end.
The four-way switch cones in two types:

(a) Through wired - Travelers froma 3-way, or
anot her 4-way swi tch, would connect to the top and travelers to the
other 3-way to the bottom \When the handle is actuated, electrical
connections inside the switch change from strai ght across to
di agonal |y across, or vice versa.

(b) Crossed wired - In the crossed type, bottom one
of the travelers conming in fromthe left goes to a switch terninal on
that side. The other one crosses over to the termnal on the right.
Al so, on the outgoing travelers one connects on the right side, while
the other crosses over to the left. Operation of the switch handle
changes inside connections fromstrai ght across to up-and-down, or
vice versa. |If the type of switch is unknown a continuity check can
be done using a ohmeter to determine the type of 4-way switch.

d. Split Wred Receptacle:




(1) The purpose of a split-wired, duplex receptacle is to
al | ow each receptacle to be controlled by a switch or be fed by a
separate circuit.

(2) It also allows one side to remain hot while the other
can be switched on or off. This is done by taking a duplex receptacle
and breaking the brass tab on the hot leg side of the outlet. This
di sconnects the top fromthe bottomand all ows conductors fromthe hot
side of two separate sources to be connected. On the other side of
the duplex outlet, the brass tab renmains connected. This will allow
the neutral to be shared. For this reason it is best to feed the top
and bottom from opposite sides of 240-volt line. This helps to
prevent overl oadi ng the neutral.

e. Door Buzzer:

(1) A door buzzer is a signaling device used for honme or
business. It is another conponent, which is used in today's interior
W ring systens for convenience. The door buzzer can be used by the
mlitary in classified or controlled areas and can serve in the field
as a warning systemin field type arnories to alert reaction force
t eans.

(2) The door buzzer operates off |ow voltage. A
transfornmer reduces the voltage to a safe working voltage (8-24V).
When the button is pushed, it closes the circuit fromthe transforner
to the buzzer and produces a buzz or chine.

f. Ther nost at :

(1) Thernostats are used to turn cooling and heating
appliances on and off. This switch operates by reacting to the
surroundi ng (anbient) tenperature. The mpjority of thernostats
operate off |ow voltage (24V) however, there are sone thernostats that
operate off line voltage, mainly on the conmercial side. When
installing a thernostat, make sure to read the instructions so that
the right voltage and conductors are used. There are two conmon
t her nost at s.

(2) One type of thernpstat consists of two different types
of nmetal welded together. This is called a binetallic strip. It
wor ks by each type of nmetal reacting at different rates to heat and or
cold. As two netals expand or contract in response to the

tenperature, the binetallic strip will bend causing the breaking or
conpletion of the circuit. The binetallic strip is comonly w apped
in the shape of a coil. The nost common problemw th the binetallic

strip is arcing. The strip never noves very far or very fast. This
nmeans that the contacts open and close very slowy. This can lead to
excessive amounts of arcing on the contacts, which can lead to
deterioration of the contacts and faulty operation. For this reason
binmetallic strips are being used less and | ess for switching contacts
in thernostats.



(3) The mercury switch is another type of thernostat.
Mercury noves back and forth inside a glass tube attached to a
thernostatic spring. The spring reacts to the environnenta
tenperature. This spring is actually a binmetallic strip coil ed.
Change in tenperature causes the nercury to nove fromone end of the
tube to the other, closing or opening the circuit, depending on the
direction of novenent. When installing the mercury swtch thernostat
it isinmportant to ensure that it is mounted level in order for the
calibrations to be correct.

g. Tiner:

(1) Tinmers are conponents which turn | oads off and on at
preset times. They are used to turn on and off lights, water
sprinklers, etc.

(2) The timer is sinply a set of contacts that are
activated by a clock notor to open and close a circuit. Care should
be taken in the connection of the wires to the clock notor to ensure
the neutral is not disconnected as the clock opens or closes contacts.
The clock notor needs to have electrical power driving it at all
times.

(3) There are many different types of timers for honme and
commercial use. Sone timers work on a weekly clock and have a
different set of contacts for each day of the week. Wen installing a
timer it is always inportant to fully read the instructions.

h. D nmer:

(1) The dimmer switch is a solid-state device designed to
control the intensity of an incandescent light fromfull brightness to
very dimby turning a knob. Dinmers are to be used only with certain
maxi num wat t age | oads. Honme-type dinmmers are nornmally rated at 600
watts. These conponents conme in many other load ratings. Wen
selecting a dinmer it is necessary to estimate the | oad, which the
dimer will control. Always count each light fixture as 100 watts for
each |l anp holder. Wen choosing a dimrer, select a dimrer with the
next hi ghest capacity.

(2) The second function is that of a switch. Dimmers are
normal Iy equi pped with single-pole switches. There are dinmers
equi pped with three-way switches. Never use dimers to contro
receptacles. This could result in damage to the |oad. Sone di mer
swi tches have pilot lights to indicate the contacts are cl osed.

i. Photo Control:

(1) The photo control is used to control lights in areas
that require constant illum nation. Such as Arnories, parking |lots,
streetlights, and standing |ights around Barracks.



(a) The photo control responds to light. Light from
the sun opens its contacts, opening the circuit it controls.

(b) It facilitates illum nation during an overcast
day whereas a tiner wouldn't.

(2) When the anmbient light | evel reaches a preset |evel
the photo control opens the circuit, turning off the light. |ncidence
of light upon the sensitive surface of the photo control creates a
small current that opens a relay and turns off the load. Wen the
i ncidence of light falls below the preset |level, the relay closes and
supplies the power to the | oad.

j . Fluorescent Lanp:

(1) The fluorescent lanp is becom ng nore and nore popul ar
in today's lighting circuits. Fluorescent lights are initially nore
expensive to install, but over a period of time are | ess expensive
than i ncandescent lighting. |In the past fluorescent |ighting was
[imted to commercial uses, and kitchens and bathroons in residential
Now they are even being used in applications as small as table |anps.
The main benefits of fluorescent |lighting are:

(a) It has higher efficiency. It produces two to
three tinmes as nmuch |ight per watt power conpared to the incandescent
| anp. The average fluorescent bulb is rated between 30 and 40 watts,
conpared to 60 to 75 watts for the average incandescent bul b.

(b) It can light a large surface area and has better
distribution of light with I ess glare and shadows. This provides |ess
strain on the eyes.

(c) It produces |ess heat.

(2) COperation:

(a) The heaters act as cathodes and enit el ectrons
when heat ed.

(b) When the heaters are hot enough a high voltage
pul se travels across the tube between the heaters.

(c) The high voltage causes the argon gas to becone
electrically charged or ionized.

(d) The charged argon causes the nercury to becone
mercury vapor giving off ultraviolet |ight

(e) The ultraviolet |ight nmakes the phosphorus
coating on the tube gl ow and produce |ight.

(3) Starters:

(a) Preheat starters require a separate starter



=

Thermal type

IN

d ow type
3 Manual type
(b) Instant start
(c) Rapid starts, npbst new ballast’s are this type.

5. National Electrical Code:

a. The National Electrical Code is a guidebook. As it stands by
itself, is not a law. Local and state governments may adopt the

National Electric Code into |aws regarding building codes. |If this
happens then the NEC becones a |aw as a part of the buil ding codes.
The NEC even tells us it is not a law. On page 70-i it states "This

Code is purely advisory as far as the NFPA (National Fire Protection
Agency) and ANSI (Anerican National Standards Institute) are
concerned, but is offered for use in |law and for regul atory purposes
inthe interest of Iife and property protection.

b. The NEC is divided into nine major chapters containing
articles and tables. Wen | speak of an article and table, | refer to
the article or table nunber and not the page nunber. This is an
important step in learning how to use the Code. For instance, article
240-6 gives the standard anpere ratings, not page 70-72. The reason
for this is that every tinme the NEC is reviewed and/or revised the
articles and tables remain the sane except for the revision.

c. Article 90 is not classified as a chapter. It is an
introduction to the NEC. This article states the purpose, scope, and
code arrangenent, enforcenment, formal interpretations, and exam nation
of equi pment for safety, wiring planning and nmetric units of neasure.
These articles all have a bearing on the rest of the NEC

(1) Article 90-1, Purpose as, stated in 90-1a, is the
practical safeguarding of persons and property from hazards arising
fromthe use of electricity.

(2) Article 90-2, Scope, says that the Code covers
installations of electric conductors in public and private structures
to include nobile hones, recreational vehicles, floating houses,
yards, carnivals, parking lots, and industrial substations. The Code
al so covers optical fiber cable. The scope also tells what is not
covered. This list includes ships, watercraft, railroad power systens
such as electric trains (not the toys), conmunication equi pnent
controlled by the communication utilities (telephones), autonobiles,
and installations under the exclusive control of electrical utilities
(power conpani es).

(3) Article 90-3 covers code arrangenent. Chapters 1, 2, 3,
and 4 apply generally to all installations. Chapter 5,6, and 7 apply



to special conditions and these chapters nodify or supplenment chapters
1 through 4. Chapter 8 covers comuni cati on systens and chapter 9
consists of tables and exanples. You will be using chapters 1,2, 3, 4,
and 9 frequently.

(4) Article 90-4 covers code Enforcenent. Once again the
Code is not |aw unl ess adopted by |ocal governnments. This article
al so states that the authority having jurisdiction may nodi fy the Code
for its own use; however, effective safety nust be maintai ned.

(5) Article 90-5 covers Mandatory rul es, perm ssive rules,
and expl anatory materi al .

(a) Mandatory Rules. Mandatory rules of the code are
those that identify actions that are specifically required or
prohi bited and are characterized by the use of the ternms shall or
shal | not.

(b) Perm ssive Rules. Permssive rules of the code
are those that identify actions that are allowed but not required, are
normal |y used to describe options or alternative nethods, and are
characterized by the use of the ternms shall be permitted or shall not
be required.

(c) Explanatory Material. Explanatory material such
as references to other standards, references to related sections of
the code, or information related to a code rule, is included in the
code in the formof fine print notes (FPN). Pine print notes are
informational only and are not enforceable as requirenents of the
code.

(6) Article 90-6 covers Formal interpretations. These can
be found in the "NFPA Regul ati ons Governing Comrittee Projects";
however the authority having jurisdiction does not have to accept
t hese findings.

(7) Article 90-7 covers Exami nation of Equi pnent for

Safety. This article states that electrical equipnent be "listed".
An exanple of listed equipnent is that which has undergone testing and
carries the UL (Underwiters Laboratory) label. There are other

agenci es that also do testing.

(8) Article 90-8 covers wiring planning. This article
says, have sonme common courtesy for the next guy. Leave anple space
for future expansion.

(9) Article 90-9 covers Metric units of neasure. The Code
uses the US conventional units (inches, feet) of neasurenment and
provi des footnotes for conversion to the netric system known as
International systemof Units (SI).

d. CHAPTER 1: ART. 100-Chapter 1. Ceneral this chapter contains
34 Articles. W do not have the tine to go in depth on each article.
Wiat | will do is give you an overview of the chapter



(1) Article 100, Definitions. The list of definitions is
one of the nost inportant articles in the NEC. These definitions are
used in practically every article in the Code. It is not inportant
that you know the definitions by heart, but that you can find them
when the need ari ses.

(2) Article 110 covers Requirenents for Electrica
Installation. Several articles here are worth nentioni ng.

(a) Article 110-3 (b) covers installation and use.

(b) Article 110-5 covers conductors. Conductors
shall be copper, unless otherw se provided in the code.

(c) Article 110-12 covers Mechani cal Execution of
Wirk. Electrical equipnment shall be installed in a neat and
wor kmanl i ke manner. This article is simlar to article 134 of the
UCMJ, in that it's a “catch all” article.

(d) Article 110-14(a) covers el ectrical connections.
Termnals for nore than one conductor and term nals used to connect
al um num shall be so identified.

(e) Article 110-26 covers spaces about electrical
equi pnent .

1 Table 110-26(a)
(f) Article 110-27 covers guarding of live parts.
e. Chapter 2 covers Wring Design and Protection this chapter is
divided up into articles and tables. Chapter 2 will be the primary

reference for planning the interior electrical system This chapter
is easier to understand if you | ook at the general divisions.

(1) Article 200 covers use and identification of grounded,
(neutral) conductors.

(a) Article 200-2 covers grounded conductors in
prem ses W ring systens.

(b) Article 200-6 covers ldentification of grounded
conduct ors.

(c) Article 200-10 ldentification of termnals.

(2) Article 210 covers branch circuits. This is an

i mportant section of the codebook. We will be referencing this
article throughout the rest of this |esson.

(a) Article 210-2 covers other articles for specific-
pur pose branch circuits.



(b) Article 210-4 covers nmultiwire branch circuits.
1 Dwelling units
2 ldentification of ungrounded conductors

(c) Article 210-7 covers receptacles and cord
connect ors.

=

Groundi ng type
2 Replacenents
3 Non interchangeabl e types

(d) Article 210-8 covers ground fault protection for
per sonnel .

=

Dwel ling units
2 Oher than dwelling units
(e) Article 210-11 covers branch circuits required.

(f) Article 210-52 covers placenent of dwelling unit
receptacl e outlets.

(g) Article 210-70 covers lighting outlets required.

(3) Article 215 covers the installation requirenents and
m ni num si ze and anpacity of conductors for feeders supplying branch
circuit | oads as conputed in accordance with article 220.

(4) Article 220 covers branch circuit, feeder, and service
calculations. Article 220 provides requirenents for determning the
nunber of branch circuits required and for conputing branch circuit,
feeder, and service loads. This will be the nost used article during
this class.

(5) Article 225 covers outside branch circuits and feeders.
Article 225 covers electric equi pnent and wiring | ocated outside of
public and private buil di ngs.

(a) Article 225-18 covers cl earances from ground.

(6) Article 230 covers services, service conductors, and
equi pnent. It also covers the nunber, type, size, and installation
requirenments.

(7) Article 240 covers over current protection. It
provi des the general requirenents for over current protection and over
current protection devices for both 600V and bel ow and 600V and above.
Article 240-6 covers standard anpere ratings.



(8) Article 250 covers grounding. Gounding is probably
the nost inportant and mi sunderstood section in the code. Wen
installing an electrical distribution systemit is inperative to
properly ground and bond the system Most el ectrical accidents are
the result of inproper grounding. Article 250 contains general
requi rements for grounding, bonding, and specific requirenents for:

(a) Systens NOT requiring groundi ng
(b) Location of grounding connections
(c) Sizing and types
(d) Substitutions
(9) Article 250-28 covers main bondi ng junpers.

(10) Article 250-50 covers the groundi ng el ectrode system
Tabl e 250-66, sizing of grounding el ectrode conductor.

(11) Article 250-90 covers Bondi ng.

(12) Table 250-122, sizing of equipnment groundi ng
conduct ors.

f. Chapter 3 covers wiring nethods and materials. This chapter
concentrates nore on the physical requirements of installing
el ectrical equipnent. This chapter also lists requirenents of
electrical materials, which includes characteristics of conductors,
insulation and anpacities. Table 310-16 will be the nost used table
inthis chapter. This table lists the anpacities of conductors.

(1) Article 300 covers wiring nethods. Article 300-1
specifies that article 300 shall apply to all wiring installations
unl ess nodi fied by other articles. Article 300-5 covers underground
i nstal | ati ons.

(2) Article 305 covers tenporary wiring. Article 305-1
applies to wiring that is classed bel ow permanent wiring. Note
however, that tenporary wiring requirenents are the sanme as pernmanent
Wi ring except when nodified by article 305.

(3) Article 310 covers conductors for general wiring. It
covers general requirenents for conductors, that include designators,
i nsul ation's, markings, nechanical strengths, anmpacity ratings and
uses. This article does not cover conductors that forman integral
part of equi pment, such as notors, notor controllers, and simlar
equi pnent, or to conductors specifically provided for, el sewhere in
t he Code.

(a) Table 310-13 covers conductor application and
i nsul ation's.



i nsul at ed conductors.

(b)

Tabl e 310-16 covers all owabl e anpacities of

Articles 318 through 365 cover the nmany different nethods of

Each article lists the specific do’'s and don’ts of that

Included in the articles are infornati on about sizes, uses, |

perm ssi bl e, supports required,

(4)

tray assenbli es,

Article 318 covers cable trays.

t hei

Wi ring.
met hod.
ocati ons

and construction specifications.

It applies to cable

r nmechani cal construction, uses, supports,
installations, and cable installation.

Article 320

Article 321

Article 324

Article 325

Article 328

covers open wiring on insul ators.
covers Messenger support wring.
covers conceal ed knob and tube w

covers integrated gas spacer cab

ring.

e (1GS).

covers flat conductor cable. (FCC

Article 330 covers m neral insul ated, netal

(5)

(6)

(7)

(8)

(9)

(10)
cable (M).

(11) Arti

(12) Arti

(13) Arti

(14) Arti
NMC, and NVb)

(15) Arti
USE) .

(16) Arti
circuit cable (UF).

(17) Arti
(1 VD).

(18) Arti

(19) Arti

(20) Arti

(21) Arti

(22) Arti

(23) Arti

cle
cle
cle

cle

cle

cle
cle
cle
cle
cle

cle

331
333
334
336

338

339

345

346
347
348
349
350

351

sheat hed

covers electrical nonnetallic tubing.

covers arnored cable (AC
covers netal clad cable.

covers nonnetal lic sheat hed cab

e (NM

covers service entrance cable (SE and

covers underground feeder and branch

covers internediate netallic conduit

covers rigid nmetal conduit.

covers rigid nonnetallic conduit.

covers electrical netallic tubing (EM).

covers flexible netallic tubing.

covers flexible nmetal conduit.

covers liquid tight flexible conduit.



(24) Article 352 covers surface raceways.

(25) Article 353 covers nulti-outlet assenbly.

(26) Article 354 covers under floor raceways.

(27) Article 356 covers cellular netal floor raceways.

(28) Article 358 covers cellular concrete floor raceways.

(29) Article 362 covers wre-ways.

(30) Article 363 covers flat cable assenblies (FC

(31) Article 364 covers bus-ways.

(32) Article 365 covers cabl e bus.

(33) Article 370 applies to outlet, device, pull and
junction boxes, conduit bodies, and fittings. Article 370 covers
install ati on, use, and cal cul ati ons.

(a) Table 370-16(a)
(b) Table 370-16(b)

(34) Article 373 covers cabi nets, cutout boxes, and neter
socket encl osures.

(35) Article 374 covers auxiliary gutters.

(36) Article 380 covers switches. Article 380 applies to
all switches, switching devices, and circuit breakers where used as
swi t ches.

(37) Article 384 covers sw tchboards and panel boards.
Article 384 applies to all sw tchboards and distribution boards
installed for the control of light and power circuits. |t also covers
battery-chargi ng panels supplied fromlight or power circuits.

g. Chapter 4 covers equipnent for general use that is to say,
equi pnent used everyday. Sonme of the equi pnent covered by this
chapter are light fixtures, appliances, electric space heaters,
generators, and transformer vaults. The pertinent articles for us
cover appliances, electric heating, air conditioning and
refrigeration.

(1) Article 400 covers flexible cords and cabl es.
(2) Article 402 covers fixture wres.

(3) Article 410 covers lighting fixtures, |anphol ders,
| anps, and receptacl es.



(a) Article 410-8 covers fixtures in clothes closets.
(b) Article 410-15 covers fixture supports.
(c) Article 410-100 covers track lighting.

(4) Article 411 covers lighting systens operating at 30
volts or |ess.

(5) Article 422 covers appliances.

(a) Article 422-13 covers storage-type water heaters
(branch circuits).

(b) Article 422-18 covers support of ceiling-
suspended (paddle) fans.

(6) Article 424 covers fixed electric space-heating
equi pnent .

(7) Article 430 covers notors, notor circuits, and
controllers. This article covers notors, branch circuit and feeder
conductors and their protection, notor overload protection, notor
control circuits, notor controllers, and notor control centers.

(a) Article 430-24 covers several notors, or a
notor (s) and other | oad(s).

(b) Tables 430-147 through 430-152 covers anpacities
of notors and protection devices.

(8) Article 440 covers air-conditioning and refrigerating
equi pnent .

(9) Article 445 covers generators.

(10) Article 450 covers transfornmers and transformer
vaul ts.

h. Chapter 5 contains information concerning special occupancies.
Instead of running through each article, turn to the table of contents
and find where chapter 5 is listed. |If you read down the listing you
will see the special occupancies covered. An exanple would be, if
needi ng special infornmation on gas stations read down the list and
find article 514 - gasoline dispensing and service stations. Then
turn to article 514 in the Codebook and | ook up the specific
requirements.

i. Chapter 6 covers special equipnment, such as wel ders,
el evators, cranes, etc. |If you work in base maintenance and there's a
swi mmi ng pool under your care, article 680 will give you the rules and
regul ati ons because, as we all know, water and electricity do not m Xx.



j. Chapter 7 covers special conditions. You can find information
on energency systens, stand-by systens, fire protective signaling
systens, and fiber optics.

k. Chapter 8 contains information on comuni cati ons systens.
This includes comunication circuits, radio and TV, and conmunity
antenna tel evision and radi o (cable systens).

| . Chapter 9 contains exanples and tables. Depending upon the
conmput ati on perforned, chapter 9 is used frequently. The exanple in
chapter 9 will prove to clear up many things that often seem confusing
at tines.

m When | ooking up information in the codebook, there are two
sections that the book contains.

(1) The index is located in the back of the book. Many
school s that teach the NEC feel the index will confuse those who use
it. Each situation is referenced several tinmes. That neans if you
|l ook up an itemyou will be busy reading several articles. Sonme may
find the index useful if the user can conprehend the way different
words are used and their order for |ocating headi ngs of needed
situations. An exanple could be, looking for wire anpacity. You
could |l ook for wire anpacity, or |ook under anpacity, wre.

(2) The table of contents is located in the front of the
book. This is your guide to using the NEC. |n any situation, pick
out the key electrical words. For exanple: what is the distance
bet ween supports for Ronex? First you should know that Romex is a
trade nanme for nonnetallic sheathed cable. Next go to the contents.
You are tal king about a wiring nethod and materials, therefore start
in Chapter 3. Now read through chapter 3's listing and find
nonnetal | i c sheathed cable. You find it at article 336. This has
narrowed down your search to one article. Turn to article 336 in the
Codebook and | ook at the bold print headings. At article 336-18 you
find Supports and read the article.

CODE LOK - UPS

1. Were shall the grounding el ectrode be placed for a separately
derived A/C systemthat is required to be grounded?

2. lIs alighting fixture required above service equi pnent rated above
200 anperes?

3. Can a multi-wire branch circuit feed a split-wired receptacle
circuit in asingle famly dwelling unit?

4, What is the maxinumrating of an appliance that is cord and pl ug-
connected and installed on a 30-anp branch circuit?

5. A total of 15-20 anpere receptacles are installed in a single
famly dwelling, which are in addition to the outlets required by



section 220-3(b). Wsat load is given to those outlets for feeder
si zi ng?

6. If a 20-anpere single pole circuit breaker is to be used as a
switch to control 120 volt fluorescent |ighting, how shall this
breaker be marked (SWD)?

7. Can the structural nmetal frame of a building be used as the
requi red equi pnent - groundi ng conductor for AC equi pnment ?

8. Can a netal underground water pipe be used as a single grounding
el ectrode for a single-famly dwelling?

9. Wat is the size of the conductor, burial depth and length that is
to be used as the grounding ring for the grounding el ectrode systenf

10. What type of attachment plugs are required on portable | anps?

11. What article of the code requires non-current-carrying, netal
parts of service equiprment to be effectively bonded together

12. What article states that electrical equiprment shall be in a neat
and wor kmanl i ke manner ?

13. Wiat article states that disconnecting nmeans, services, feeders,
and branch circuits shall be legibly marked to indicate its purpose
unl ess |l ocated and arranged so the purpose is evident?

14. Are standard receptacle outlets permtted for 125-volt, 20-anpere
circuits used for electrical diagnostic equipnent in a commercial

gar age?

15. A set of feeders for a sub-panel is routed through a service
raceway, is there a violation?

16. Wiat code section refers to lighting fixtures in clothes closets?

17. What code section tells the nunber of conductors allowed in
di fferent type boxes?

18. Wiat section pertains to electric ranges in deternmining their
| oad?

19. Wiat code section requires all junction boxes to be covered?
20. What section requires all unused openings in boxes be cl osed?

6. Ceneral Lighting Load:

a. The general lighting loads are the first step in calculating
the size of the service for a structure. The service and the system
to be supplied is nmade up of the foll ow ng:



(1) Service entrance conductors are connected to the
service drop and are connected between the terninals of the service
equi pment. The service entrance conductors feed the structure being
served. They will be required to handle the current flowto the
service equiprment and to the circuits throughout the structure. This
is the reason sizing these conductors is inportant.

(2) Service equipnment is the necessary equi pnent, usually
consisting of a circuit breaker(s) or switch(es), fuse(s) and their
accessories, connected to the |oad end of service entrance conductors
to a building or other structure, or an otherw se designated area, and
intended to constitute the nmain control and neans of cutting off the
supply of electricity. The service equi pnent uses these circuit
breakers or fuses as over current protection devices to protect the
circuits.

(3) Branch circuits are the circuit conductors between the
final over current device protecting the circuit and the outlet(s).

b. The general lighting load is determ ned by the volt-anperes
per square foot. It is then necessary to calculate the total square
footage of the structure.

(1) Square footage is calculated by the formula I ength x
width = sqg. ft. In this exanple the structure is 50' |ong and 30'
wi de. This works out to be 50'x 30" = 1500 sqgft. |If the house has
nore than one floor, use the product of the length x width x the
nunber of fl oors.

(2) Exanple of a two-story house works out as such
1st floor 30" x 50° = 1500 sqgft
2nd floor 20" x 50° = 1000 sqft
1500 + 1000 = 2500 sqft

(3) The next step in calculating the general lighting |oad
after obtaining the square footage of the structure is to apply the
square footage to table 220-3(a) in the National Electrical code book
The use of table 220-3(a) is based on the type of occupancy that is
found listed to the left of the table. Select a unit |oad per square
foot in (VOLT-AMPERES) fromthe right side of the table. Miltiply
this unit load in volt-anperes per sqft by the square footage of the
structure to be wired. Exanple: |If you have a 1500 sqft structure
that is a dwelling unit or house, |look at the volt-anperes per sqft in
tabl e 220-3 (a) which corresponds with dwelling units. You find this
to be 3 volt-anperes per sqft. By taking the total 1500 sqgft of the
structure and nultiplying it by 3 volt-anperes per sqgft you obtain a
total of 4500 volt-anperes. This is the general lighting |oad for the
dwel | i ng.

Exanpl e 1. 1500 sqgft x 3 volt-anperes
LI GHTI NG LOAD)
Exanpl e 2. 2500 sqgft x 3 volt-anperes
LI GHTI NG LOAD)

4500 vol t - anmperes. ( GENERAL

7500 vol t-anperes. ( GENERAL



7. Calculating the M ni mum Nunber of Branch Circuits

Requi r ed.
a. You now rnust find out how nany circuits will be required for
the general illum nation or general lighting loads. |In the first

exanpl e you found that a dwelling of 1500 square feet, worked out to
be 4500 volt-anperes. To find the nunber of branch circuits, perform
ohnms laws to convert volt-anperes to anperes. The NEC states that for
t he purpose of perform ng cal cul ati ons, wattage and volt-anperes wll
be considered to be the same. The fornula for power in watts states
that voltage x anperage = wattage. Using this fornula, if you know the
wattage or in the case of the lighting | oad volt-anperes, you can

di vide the voltage into the volt-anperes or wattage to obtain anperes.

A
e/

Exanpl e no. 1 4500 vol t-anperes divided by 120 volts
Exanpl e no. 2 7500 vol t-anperes divided by 120 volts

37.5 anperes
62.5 anperes

b. After obtaining the total anperage, determ ne how nmany
circuits will be needed. Article 210-23 (a) states a 15 or 20 anpere
branch circuit shall be permitted to supply lighting units, other
utilization equi pnent or a conbination of both. The rating of any one
cord and plug-connected utilization equi pment shall not exceed 80% of
the branch circuit. The total rating of utilization equipnent
fastened in place shall not exceed 50 percent of the branch-circuit
anpere rating where lighting units, cords-and plug-connected
utilization equi pnment not fastened in place, or both, are also
supplied. You need to find out if using 15 or 20 anpere circuits how
many will fit into the 37.5-anpere requirenent. This requires three

15A 2 wire or two 20A 2 wire circuits. In the second exanple it would
work out to be five 15A 2 wire or four 20A 2 wire circuits. Article
210-11 covers branch circuits required. |In no case shall the |Ioad on

any circuit exceed the maxi num specified by section 210-23.

8. Calculate the Total Demand of the Structure.

a. To calculate the total demand of a structure, there are severa
steps. Determining the general lighting load is the first. You nust
| ook at the | oads and denands for the rest of the structure



(1) The small appliance |load is the next step in the
calculation of the total demand for the structure. Article 210-
11(c) (1) states that in dwelling units two or nore 20-anpere snall
appl i ance branch circuits shall be provided for all receptacle
outlet(s) specified by section 210-52(b) for small appliance | oads.
Article 220-16(a) states in each dwelling unit the load shall be
computed at 1500 volt-anperes for each two wire small appliance branch
circuit required by section 210-11(c)(1) for snall appliance by 15 -
or - 20 anpere receptacles on 20 anpere circuits in the kitchen
pantry, dining room and breakfast room

(2) Article 210-52(c) further states that small appliance
branch circuits shall be installed at counter spaces w der than 12
i nches. You can take each small appliance circuit, the m ninmm
required being two each at 1500 volt-anperes. This added together
equal 's 3000 volt-anperes. Add this demand to the general |ighting
| oad.

EXAMPLE: GENERAL LI GHTI NG LOAD 4500 VOLT- AMPERE
SVALL APPLI ANCE Cl RCUI TS 3000 VOLT- AMPERES

(3) Article 210-52(f) states that in dwelling units at
| east one receptacle outlet shall be installed for the laundry. |If a
conmon |aundry is provided in a nmultifamly building, or in other than
a one-famly dwelling where laundry facilities are not permtted, the
| aundry receptacle is not required. Article 210-11(c)(2) requires
this to be a 20-anpere branch circuit with no other outlets. Article
220-16(b) states that a feeder load of not |ess than 1500 volt-anperes
shall be included for each two wire laundry branch circuit install ed.
This being only one circuit, the m nimumrequirenent would be a demand
of 1500 volt-anperes. This is added to the other denands.

EXAMPLE: GENERAL LI GHTI NG LOAD 4500 VOLT- AMPERES
SMALL APPLI ANCE Cl RCUI TS 3000 VOLT- AMPERES
LAUNDRY 1500 VOLT- AMPERES
(4) At this point in the calculation it is subject to a
demand factor, which is found in table 220-11, "lighting | oad demand
factors".

(a) This table shows, based on the type of occupancy
which is selected fromthe right hand side of the table, the demand
that will apply. 1In the case of a dwelling unit the portion of
lighting | oad and demand factor percent indicates that the first 3000
volt-anperes or less is taken at 100% dermand and from 3001 to 120, 000
at 35% demand and the remai nder over 120,000 at 25% denmand. If you
apply the exanple, first add together all the volt-anperes that you
have deternmined to be part of the cal cul ation

EXAMPLE: GENERAL LI GHTI NG LOAD 4500 VOLT- AMPERES
SMALL APPLI ANCE 3000 VOLT- AMPERES
LAUNDRY +1500 VOLT- AMPERES

TOTAL 9000 VOLT- AMPERES



TAKE THE FI RST 3000 AT 100% OF 9000 = ............. 3000 VOLT- AMPERES
TAKE 3000 FROM 9000 = 6000 AT 35% = ............. +2100 VOLT- AMPERES
NET GENERAL LI GHTING & SMALL APPLIANCE............. 5100 VOLT- AMPERES

(NOTE- - USE NET FOR REMAI NI NG CALCULATI ONS)

(5) Table 220-19 contains information on the demands for
ranges. There are four notes that apply to table 220-19. Each note
pertains to different situations with ranges.

(a) For ranges not rated over 12 kWuse Tabl e 220-19
colum A

EXAMPLE 1. One range rated at 10 kW= 8 kW denmand fact or
EXAMPLE 2. Five ranges rated at 9.5 kW= 20 kWdemand fact or

(b) NOTE 1. Over 12 kWthrough 27 kWranges all of
the sanme rating. For ranges individually rated nore than 12 kW but
not nore than 27 kKW the maxi mum denmand in colum A shall be increased
5 percent for each additional kWof the rating or major fraction
thereof by which the rating of individual ranges exceeds 12 kW

1 Followng note 1. You see that this note
applies "for ranges rated nore than 12 kWbut not nore than 27 kW.
Foll ow ng the note, increase a 5% denmand for each kWpast 12 kW |[f
you take a range rated at 14 kWand increase 5% for each kW past 12
kW you have:

EXAMPLE 1. One range rated at 14 kW
-12 kW
2 kWpast 12 kW

2 Increase this 2 kWby 5% for each kW Since
there is 2 kWat 5%each, this = 10% Note 1 states that you nust
apply this increase to the naxi num demand in colum "A" of table 220-
19. Looki ng under one appliance at the right hand side of the table,
in colum “A” you find the maxi mum demand to be 8 kW Since this is
an increase of the maxi mum denand, 8000 at 10% = 800. 800 then is the
amount of increase to the maxi mum demand.

8000. . .. MAX DEMAND COLUWN "A" FROM TABLE 220-19
X. 10 ....TEN PERCENT WH CH CAME FROM THE 5% FOR EACH kW PASS 12 kW
800 ....THE AMOUNT OF | NCREASE TO THE DEMAND OF CCLUMWN " A"
+8000 . ... MAX DEMAND COLUWN "A", MJST BE ADDED TO THE | NCREASE
8800 .... THE TOTAL DEMAND FOR THE 14 kW RANGE.

EXAMPLE 2. Two ranges rated at 17 kW
-12 kW
5 kWpast 12 kW

3 Increase this 5 kWby 5% for each kW Since
there is 5 kWat 5%each, this = 25% Note 1 states that you nust
apply this increase to the nmaxi num demand for two ranges in colum "A"
of table 220-19. Looking under two appliances at the right hand side



of the table, in colum “A’” you find the maxi mum demand to be 11 kW
Since this is an increase of the maxi rum demand, 11000 at 25% = 2750.
2750 then is the ampbunt of increase to the maxi num denand.

11000 .. MAX DEMAND CCLUWN "A" FROM TABLE 220-19
X .25 ..TEN PERCENT WH CH CAME FROM THE 5% FOR EACH kW PASS 12 kW
2750. .. THE AMOUNT OF | NCREASE TO THE DEMAND OF COLUMN " A"
+11000. .. MAX DEMAND CCLUWN "A", MJST BE ADDED TO THE | NCREASE
13750. .. THE TOTAL DEMAND FOR THE 14 kW RANCE.

(c) Note 2 applies to ranges 8 3/4 kWthrough 27 kW
ranges of unequal ratings. For ranges individually rated nore than 8
3/4 kWand different rating, but none exceeding 27 kW an average
val ue of rating shall be conmputed by addi ng together the ratings of
all ranges to obtain the total connected |load (using 12 kW for any
range rated |l ess than 12 kW and dividing by the total nunber of
ranges; and the maxi mum demand in columm a shall be increased 5
percent for each kWor major fraction thereof by which this average
val ue exceeds 12 kW

EXAMPLE 1. Taking two ranges, one 14 kWthe other 20 kW conpute the
average val ue rating by adding together the kWratings of all the
ranges.

14 kW RANGE
+20 kW RANGE
34 kW

Dl VI DE BY THE NUMBER OF RANGES | NTO THE SUM OF THE kW RATI NG OF THE
RANGES

34 kWDIVIDED BY 2 = 17 kWIS THE AVERAGE kW
TO FI ND EACH kW OVER 12 kW TAKE THE AVERAGE AND SUBTRACT 12 kW

17 kW
-12 kW
5 kW

AN | NCREASE OF 5% FOR EACH KW OVER 12 kW IN THI S EXAMPLE WE FI ND 5%
X 5 kW= 25% | NCREASE TO COLUW "A". COLUW "A" SHOAS 11 kW FOR TWO
APPL| ANCES.

11000 - FOUND I N COLUWN "A" FOR TWDO APPLI ANCES
X. 25 - 25% | NCREASE
2.75 kW
+11000 - ADDED BACK TO THE | NCREASE
13.75 kW - TOTAL DEMAND FOR BOTH RANGES.

EXAMPLE 2. Taking three ranges, one 13 kW one 15 kW and the ot her
18 kW conpute the average val ue rating by addi ng together the kW
ratings of all the ranges.

13 kW RANGE
15 kW RANGE



+18 kW RANCE
46 kW

Dl VI DE BY THE NUMBER OF RANGES | NTO THE SUM OF THE kW RATI NG OF THE
RANGES

46 kWD VIDED BY 3 = 15.3 kWIS THE AVERAGE kW
TO FI ND EACH kW OVER 12 kW TAKE THE AVERAGE AND SUBTRACT 12 kW

15 kW
-12 kW
3 kW

AN | NCREASE OF 5% FOR EACH kW OVER 12 kW IN THI S EXAMPLE VWE FI ND 5%
X 3 kW= 15% | NCREASE TO COLUW "A". COLUW "A" SHOAS 14 kW FOR THREE
APPLI ANCES.

14000 - FOUND IN COLUWN "A" FOR THREE APPLI ANCES.
X. 15 - 15% | NCREASE.
3.5 kW
+14000 - ADDED BACK TO THE | NCREASE
17.5 kW - TOTAL DEMAND FOR ALL THREE RANGES.

(d) NOTE 3 covers ranges over 1 3/4 kWthrough 8 3/4
kW In lieu of the method provided in colum "A", it shall be
perm ssible to add the naneplate ratings of all ranges rated nore than
1 3/4 kWbut not nore than 8 3/4 kWand multiply the sumby the denand
factors specified in columm "B" or "C' for given nunber of appliances.

EXAMPLE 1. FIVE RANGES ALL RATED AT 4 kW SEVEN RANGES ALL RATED AT 5
kW AND THREE RANGES ALL RATED AT 6 kW THEY ALL FALL UNDER COLUWN
13 C'I .

5 RANGES X 4 kW= 20 kw
7 RANGES X 5 kW = 35 kW
3 RANGES X 6 kW= +18 kW
73 kKW....... SUM OF ALL THE NAME PLATE RATI NGS

THE NOTE FURTHER STATES, MJLTI PLY THE SUM BY THE DEMAND FACTORS
SPECI FIED IN COLUW "B" OR "C' FOR THE G VEN NUMBER OF APPLI ANCES.

32% 1S FOUND N COLUW "C' FOR 15 RANGES

THE SUM OF ALL THE NAME PLATE RATINGS ......... 73 kW
THE 32% FOUND I N COLUW "C' FOR 15 RANGES .. ... X. 32
THE TOTAL DEMAND FOR ALL 15 RANGES ............ 23.36 kW

EXAMPLE 2. ONE RANGE RATED AT 2 kW TWO RANGES EACH RATED AT 7 kW
COLUWN “B” - 1 RANGE 2 kW 80% 1S FOUND I N COLUW “B” FOR 1 RANGE

.80 x 2000 = 1600

COLUWN “C’ - 2 RANGES 7 kW 65% 1S FOUND | N COLUW “C" FOR TWO RANGES
.65 x 14000 = 9100

ADD THE RESULTS OF COLUWNS “B” AND “C’ TO FI ND TOTAL DEMAND

1600 + 9100 = 10700



10. 7 kW= TOTAL DEVMAND FOR ALL THREE RANGES

(e) Note 4 provides, the branch circuit |oad for one
range in accordance with table 220-19. The branch circuit |oad for
one wal | -mounted oven or one counter-nounted cooking unit shall be the
nanepl ate rating of the appliance. The branch circuit |oad for
counter top cooking unit and not nore than two wall nounted ovens, all
supplied froma single branch circuit and | ocated in the sane room
shal | be conmputed by adding the nanme plate rating of the individua
appliances and treating this total as equivalent to one range.

EXAMPLE 1. ONE RANGE RATED AT 12 kW

USE DEMAND FACTOR I N COLUWN “A” FOR ONE RANGE

8 kW= BRANCH CI RCU T LOAD

EXAMPLE 2. ONE 6 kKW COOK TOP, TWO 6 kW WALL MOUNTED OVENS.

THE NOTE STATES THE BRANCH CI RCUI T LOAD SHALL BE COMPUTED BY ADDI NG
THE NAMEPLATE RATI NGS OF THE | NDI VI DUAL APPLI ANCES AND TREATI NG THI S
TOTAL AS EQUI VALENT TO ONE RANGE

6 kW COK TOP

6 kW WALL MOUNTED OVEN

+6 KWWALL MOUNTED OVEN

18 kW THE SUM OF THE | NDI VI DUAL APPLI ANCES

TREATI NG THI S AS THE EQUI VALENT TO ONE RANGE THE MAXI MUM DEMAND I N
COLUWN "A" SHALL BE | NCREASED 5% FOR EACH ADDI TI ONAL kW OF RATI NG OR
MAJOR FRACTI ON THERECF WHI CH THE RATI NG OF | NDI VI DUAL RANGES

EXCEEDS 12 kW

18 kW
+12 kW
6 kW

5% FOR EACH kW THI' S BEI NG 6 kW WORKS OUT TO BE 30%
5% x 6 = 30% | NCREASE TO COLUWN "A" WHI CH I S 8000

8000 DEMAND FROM COLUWN “A’" FOR ONE RANGE
x .30
2400 30% | NCREASE
+8000 ADDED BACK TO THE | NCREASE
10400 TOTAL DEMAND FOR THE BRANCH Cl RCU T LOAD

(6) Article 220-18 covers electric clothes dryers -
dwelling unit(s). This article states, the |load for household
el ectric clothes dryers in a dwelling unit(s) shall be 5000 watts
(volt-anperes) or the name plate rating, whichever is |larger, for each
dryer served. The use of the demand factor in table 220-18 shall be
permtted.

EXAMPLE 1. ONE DRYER RATED AT 4500 WATTS



| F YOU HAVE A DRYER W TH THE NAMEPLATE VALUE OF 4500 WATTS, THE NOTE
STATES YOU MUST TAKE THI S AT 5000 WATTS.

5000 WATTS = DEMAND TOTAL FOR DRYER | N EXAMPLE 1

EXAMPLE 2. ONE DRYER RATED AT 5500 WATTS

I F YOU HAVE A DRYER W TH THE NAMEPLATE VALUE OF 5500 WATTS. THE NOTE
STATES TO TAKE THE DRYER AT THE NAMEPLATE RATING IF I T | S GREATER THAN
5000 WATTS. THEN | T WOULD BE TAKEN AT 5500 WATTS

EXAMPLE 3. 5 DRYERS ALL WTH A NAVEPLATE VALUE OF 5000 WATTS.

CGET THE TOTAL DEMAND BY ADDI NG THE TOTAL NUMBER OF WATTS AND APPLY THE
DEMAND FACTOR FOR THE NUMBER OF DRYERS FOUND | N TABLE 220-18.

5 DRYERS x 5000 WATTS = 25000 WATTS TOTAL
25000 TAKEN AT 80% WHICH IS FOUND I N TABLE 220-18 UNDER 5 DRYERS
25000 TOTAL WATTS OF ALL FI VE RANGES

X .80 80% DEMAND FROM TABLE 220-18 UNDER 5 DRYERS
20, 000 TOTAL DEMAND FOR ALL FI VE RANGES

(7) Article 220-17 covers appliance load for dwelling
units. It states that it shall be pernissible to apply a demand
factor of 75 percent to the naneplate ratings of FOUR or nore
appl i ances fastened in place, other than electric ranges, clothes
dryers, space heating equi pnent, or air conditioning equipnent, that
are served by the sane feeder or service.

(a) Exanples of appliances fastened in place are
wat er heaters, garbage disposals, trash conpactors, di shwashers, attic
fans ECT. ..

(b) This demand is comonly referred to as the “fixed
appl i ance” 1 oad.

EXAMPLE 1. A DI SHWASHER RATED AT 1200VA, A WATER HEATER RATED AT
4500VA, AND A GARBACE DI SPOSAL RATED AT 1500VA.

THE NOTE STATES TO APPLY THE DEMAND FACTOR OF 75% FOR FOUR OR MORE
APPL| ANCES FASTNED | N PLACE.

DI SHWASHER 1200VA
WATER HEATER 4500VA
GARBAGE DI SPOSAL +1500VA

7200VA TOTAL FI XED APPLI ANCE LQAD

EXAMPLE 2. A DI SHWASHER RATED AT 1200VA, A WATER HEATER RATED AT
4500VA, A ATTIC FAN RATED AT 700VA, AND A GARBAGE Dl SPOSAL RATED AT
1500VA.



DI SHWASHER 1200VA 7900VA

WATER HEATER 4500VA X. 75
ATTI C FAN 700VA 5925VA
GARBAGE DI SPOSAL +1500VA

7900VA

5925VA | S TOTAL DEVMAND FOR FI XED APPLI ANCES

(8) Article 220-14 covers notors. It refers you to section
430- 24, which covers several notors or a notor(s) and other |oads. It
states that conductors supplying several notors, or a notor(s) and
ot her | oad(s), shall have an anpacity at |east equal to the sumof the
full-load current rating as determ ned by section 430-6(a)(1) of al
the notors, plus 25 percent of the highest rated notor in the group
pl us the anpere rating of other | oads.

(a) This is coomonly referred to as the “largest
not or” | oad.

(b) The largest notor load will generally conme from
the fixed appliances.

EXAMPLE 1. A DI SHWASHER RATED AT 1200VA, A WATER HEATER RATED AT
4500VA, AN ATTI C FAN RATED AT 700VA, AND A GARBAGE DI SPOSAL RATED AT
1500VA. THE LARGEST PONER CONSUMER | S THE WATER HEATER, HOWEVER THE
WATER HEATER CANNOT BE CONSI DERED BECAUSE | T CONTAI NS NO MOTOR. THE
NEXT LARGEST IS THE DI SHWASHER, BUT THE DI SHWASHER CONTAI NS ONLY A
SVALL MOTOR. THE MAIN PONER CONSUMER | N THE DI SHWASHER |'S A HEATI NG
ELEMENT. NEXT | S THE GARBAGE DI SPOCSAL. I T IS THE CORRECT CHAO CE
BECAUSE ALL 1500VA ARE CONSUMED BY A MOTOR

1500VA
X. 25
375VA IS THE TOTAL LARGEST MOTOR LQAD
(9) Article 220-21 covers noncoi ncident |loads. It states,
where it is unlikely that two or nore noncoincident |oads will be in
use sinultaneously, it shall be permissible to use only the |argest
| oad(s) that will be used at one tine, in conputing the total |oad of

a feeder or service. This normally pertains to heating and air
conditioning |loads since only one will operate at a tine.

EXAMPLE 1. HEATI NG LOAD OF 10KVA AND AN Al R CONDI TI ONI NG LOAD OF
7.5KVA. THE HEATI NG LOAD OF 10KVA WLL BE USED SINCE I T I S THE
LARCEST.

10KVA HEAT AND A/ C LOAD

(10) Conpute the total demand. At this point we have to
take all of the previous calcul ations and add themtogether to find
the total demand.

EXAMPLE: THE DWELLI NG HAS A FLOOR AREA OF 1500 SQ FT. APPLI ANCES ARE
A 12 kWRANGE AND A 5.5 KWDRYER  APPLI ANCES FASTENED | N PLACE



I NCLUDE A 4500VA WATER HEATER, A 1200VA DI SHWASHER, 700VA ATTI C FAN,
AND A 1500VA GARBACGE DI SPOSAL. THERE |I'S 10KW CF HEAT AND 7.5 kW OF
A C.

GENERAL LIGHTING ... .. . e 4500 VOLT- AMPERES
SVMALL APPLIANCE LOAD .. ... .. e 3000 VOLT- AMPERES
LAUNDRY . .. e +1500 VOLT- AVPERES
TOTAL GENERAL LI GHT & SMALL APPLI ANCE ...... 9000 VOLT- AMPERES

3000 VOLT-AWMPERES AT 100% ................. 3000 VOLT- AMPERES

9000 - 3000 = 6000 VOLT- AMPERES AT 35% ....+2100 VOLT- AMPERES

NET ..... 5100 VOLT- AMPERES
NET 5100 VOLT- AMPERES
RANGE LOAD . . .. e 8000 VOLT- AMPERES
DRYER LOAD . . .. . 5500 VOLT- AMPERES
FI XED APPLI ANCE . . ... e 5925 VOLT- AMPERES
HEATING AND A/ C .. e 10000 VOLT- AMPERES
LARGETS MOTOR . .. e e e e + 375 VOLT- AMPERES
TOTAL LOAD . ............. 34, 900 VOLT- AMPERES

9. Calculating the M nimum Servi ce Entrance Conductor:

a. In order to calculate the service you nmust first find the
anperage of the total connected load. To do this you nust use the
fornmula for power in watts. Divide the total connected |oad by the
vol tage that serves the structure. Dwelling units will normally be
240vol ts, however always check to make sure what the applied voltage
is. The size of the service nust be |arge enough for the total
anper age.

EXAMPLE: POWER FORMULA STATES E X | = P
E = VOLTAGE, | = CURRENT, AND P = POAER OR WATTACE

TAKE THE TOTAL WATTAGE OF THE STRUCTURE, 34,900 AND DIVIDE I T BY THE
VOLTAGE, 240. THE RESULT | S 145. 41 AMPERES.

b. The service entrance conductor feeds the electrical service
equi pnment and nust be | arge enough to handle the total | oad and sized
to the service equipnment. Article 230-79(c) covers the m ni mum si ze
required for a dwelling service. The codebook gives two options for
sizing the service and the service entrance conductors.

(1) Article 310-15(b)(6) covers sizing single-phase
dwel ling services. For our exanple the mninumsize service would be
150anmps with ungrounded conductors of 2/0 al um num or 1AWG copper

(2) Article 240-6 covers standard anpere ratings for
overcurrent devices. The mnimmsize for our exanple is 150 anps.
Next we have to go to table 310-16 for conductor sizing. Article 110-
14(c) tells us to use the 75-degree colum on table 310-16. The
m ni num si ze ungrounded conductor would be 3/0 al umi numor 1/0 copper.



10. Calculating the Neutral Conductor:

a. The grounded conductor is used for the return path of the
unused portion of current. It is inportant that the neutral conductor
be able to handl e the anobunt of current flow back to the source. In
order to calculate the m ninmumsize of the neutral conductor, you mnust
know the total demand of anperage for the structure being served. In
t he ongoi ng exanple you | earned that the structure has a total denmand
of 145.41 anperes. You sized the service entrance conductors for 150
anperes. Article 220-22 covers the requirements in calculating the
steps for the neutral conductor. This article states the nmaxi num
unbal anced | oad shall be the maxi num net conputed | oad between the
neutral and any one ungrounded conductor. It also states that a feeder
suppl yi ng household el ectric ranges, wall-nmounted ovens, counter-
nmount ed cooking units, and electric dryers the maxi num unbal anced | oad
shal | be considered as 70 percent of the |load on the ungrounded
conductors as determ ned in accordance with the applicable tables for
these itens. This nmeans that the calculation will be the sane as the
service with the exception of the range and the dryer. Al so the
appl i ances fastened in place may be different because sone 240volt
appl i ances do not require a neutral such as a water heater and will
not be a part of the neutral cal cul ation.

EXAMPLE
NET 5100 VOLT- AMPERES
RANGE LOAD @ 70% . . . . oottt e e 5600 VOLT- AMPERES
DRYER LOAD @ 70% . . . . oottt e e e e e e e e 3850 VOLT- AMPERES
FI XED APPLI ANCE . . ... . e 3400 VOLT- AMPERES
HEATING AND A/ C .. e 10000 VOLT- AMPERES
LARGETS MOTOR . .. e e e e e + 375 VOLT- AMPERES

TOTAL NEUTRAL LOAD .............. 28, 325 VOLT- AMPERES

b. The next step is to find the neutral anperage using the
formula for power in watts.

EXAMPLE: POWMER FORMULA STATES E x | = P
E = VOLTAGE, | = CURRENT, AND P = POAER OR WATTACE

TAKE THE TOTAL WATTAGE OF THE NEUTRAL, 28,325 AND DIVIDE I T BY THE
VOLTAGE, 240. THE RESULT IS 118.02 AMPERES

c. Using the 75-degree colum of table 310-16 size the neutra
conductor. The mini mum si ze grounded conductor would be 1/0 al uni num
or 1AWG copper

d. Prior to the 1996 edition of the codebook it was a common to
size the neutral conductor two sizes smaller than the | argest current
carrying conductor. And is sonetines still done today.



e. |If the neutral is the sane size as the |argest service
entrance conductor, there is no question of its ability to handle the
unused portion of current.

11. Calculating the Overcurrent Protection Devices Required:

a. Selecting an over-current device to protect your circuit is one
of the nost inportant steps in designing an electrical circuit. The
thing to renenber is to ensure that the over-current device anperage
rati ng does not exceed the current carrying capacity of the circuit
conductors. Exanple: A circuit constructed of 8AWG THWN copper
conductors nust have an over-current device of 50anps or |ess.

b. There are two places over-current protection will be placed in
an interior wiring system

(1) At the service. The nain breaker nust be sized to the
total demand and the service entrance conductors will be sized
according to the size of the nain.

(2) Each branch circuit will also require over-current
protection. You will need to research the codebook because there are
different requirenents for different types of branch circuits.

c. Article 240-6 covers standard sizes of fuses and circuit
br eakers.

12. Cal cul ati ng Groundi ng & Bondi ng El ectrode Conductors:

a. The grounding el ectrode conductor provides a path fromthe
panel to the grounding el ectrode system Bonding junpers ensure
electrical continuity of all netallic conmponents of a system |In order
to size the groundi ng and bondi ng el ectrode conductors, you nust first
go through the steps for calculating a total demand for the structure.
The groundi ng el ectrode conductor is based on the size of the |argest
service entrance conductor. Article 250-66 covers all the exceptions
in dealing with the size of grounding el ectrode conductor.

Tabl e 250-66 is broken down as foll ows.

(1) Across the top to the left of table 250-66 the headi ng
reads, "size of the largest service-entrance conductor”. Belowthis
headi ng are two col ums.

(a) The first colum is a list for conductor sizes
made of copper.

(b) The second colum is a list for conductor sizes
made of al um num or copper-clad al um num

(2) Across the top to the right of table 250-94 the
headi ng reads, "size of electrode conductor”. Below this heading are
two col ums.



(a) The first colum is a list for grounding
conductors made of copper.

(b) The second colum is a list for grounding
conductors made of al um num or copper-clad al um num

EXAMPLE: OUR LARGEST SERVI CE ENTRANCE CONDUCTCOR IS 3/0. | F WE SELECTED
A COPPER GROUNDI NG ELECTRODE CONDUCTOR | T WOULD BE 6AWG

b. Bondi ng junpers on the supply side of the service shall be
si zed according to table 250-66.

c. Bonding junpers on the |oad side of the service shall be sized
according to table 250-122.

d. Equi pnent groundi ng conductors shall be sized according to
tabl e 250-122.

13. Sizing Branch Circuit Conductors:

a. During the lesson, | have covered the power in watts formul a
and demand factors. These are inportant in determ ning the proper
si ze conductors needed. Performthe follow ng steps to size branch
circuits:

(1) Calculate the total anperes for the branch circuit. Use
ohnms law to calculate this.

(2) To calculate and select an over current protection device
for branch circuits, you nmust first apply demand factors where needed.
Use the National Electric Code for the proper demand factors. Article
220-3 (b) covers the mininumload for each outlet for general use.
This article states that outlets for general use under "other outlets"
for receptacle outlet, each single or each nultiple receptacle on one
strap shall be considered at not |ess than 180 volt-anperes. It is
further inportant to understand that the breaker or fuse determ nes
the size of the circuit, i.e. a circuit protected by a 20-anpere
breaker is a 20-anpere circuit.

(3) Article 240-6 lists the standard anpere rating for fuses
and inverse tinme circuit breakers. In order to select an over current
protection device for the circuit, you nmust go through the steps for
calculating the total demand for the circuit. Performohns lawto
convert the total volt-anperes to anperes. Using the selection of
standard anpere rating for fuses and inverse tinme circuit breakers,
sel ect a breaker equal to or less than the total anperage of the
circuit.

(4) Determine the application in which the conductors will be
used. In determ ning the application, you nust know i nfornmati on such
as, will the circuit be in a dry or danp location, or will it be used

in a special application. Article 310-13 covers information on
application of conductors. This will allow you to select the type of
wire or trade name and the insulation or covering of the conductors.



(5) After you have determined the type of wire and the size
of the over-current device, you nust select the proper size
conductors. | have covered table 310-16 and its use in previous
di scussi ons. Table 310-16 may be used to size the conductors for
branch circuits by applying the type of wire with the anperage rati ng.
Synmbol s may be found al ong side the anperage rating which will refer
you to footnotes. These footnotes nay give the anperage all owed.

14. Si zi ng Boxes:

a. Article 370-16 covers the nunber of conductors in outlets,
devi ces, junction boxes, and conduit bodies. This article states;
boxes shall be of sufficient size to provide free space for al
conductors enclosed in the box. There are two tables used for sizing
boxes and conduit bodi es.

(1) The maxi mum nunber of conductors permitted in standard
boxes that are not marked with cubic inch capacity are listed in table
370-16 (a). This table can be used by itself providing that all the
conductors present in the box are the sane size.

(2) For conbinations of conductor sizes shown in table 370-
16(a), the maxi num nunber of conductors pernitted shall be conputed
usi ng the vol une per conductor listed in table 370-16 (b).

(3) Before you use either table you nmust understand how to
do box fill calculations. Paragraphs (1) through (5) explain how.

(a) Conductor Fill. Each conductor that originates
outside the box and ternminates or is spliced within the box shall be
counted once, and each conductor that passes through the box w thout
splice or termnation shall be counted once. The conductor fill, in
cubi c inches, shall be conputed using Table 370-16(b). A conductor,
no part of which | eaves the box, shall not be counted.

(b) danp Fill. Where one or nore internal cable
cl anps, whether factory or field supplied, are present in the box, a
singl e volune all owance in accordance with Table 370-16(b) shall be
made based on the |argest conductor present in the box. No allowance
shall be required for a cable connector with its clanping nmechani sm
out si de t he box.

(c) Support Fittings Fill. Wwere one or nore fixture
studs or hickeys are present in the box, a single volune allowance in
accordance with Tabl e 370-16(b) shall be nmade for each type of fitting
based on the | argest conductor present in the box.

(d) Device or Equipnent Fill. For each yoke or
strap containing one or nore devices or equi pnent, a double vol une
al | onance in accordance with Table 370-16(b) shall be nade for each
yoke or strap based on the | argest conductor connected to a device(s)
or equi pnment supported by that yoke or strap.



Equi prent G oundi ng Conductor Fill. Were one or
nor e equi pnent groundi ng conductors or equi pnent bondi ng junpers
enters a box, a single volune allowance in accordance with Table 370-
16(b) shall be nade based on the |argest equi prment groundi ng conduct or
or equi pment bondi ng junper present in the box. Were an additional
set of equi pnent groundi ng conductors, as permtted by Section 250-
146(d), is present in the box, an additional volune allowance shall be
made based on the | argest equi pnent groundi ng conductor in the
addi ti onal set.

EXAMPLE: FIND A SUFFI Cl ENT SI ZE JUNCTI ON BOX TO RECEI VE THE FOLLOW NG
CONDUCTORS BY APPLYI NG ARTI CLE 370- 16.

1- CABLE COF 6/2, 1-CABLE OF 10/2, 1-CABLE OF 12/2

EACH CONDUCTOR W LL RECEIVE A VALUE I N CUBI C | NCHES ACCORDI NG TO W RE
SI ZE FROM TABLE 370-16(B). IN THE EXAMPLE YOU WLL WORK THI S QUT BY
TAKI NG THE CUBI C | NCHES X NUMBER OF CONDUCTCORS. NOTE: THE FI RST NUMBER
OF THE CABLE IS THE SI ZE OF THE CONDUCTORS | N AWG AND THE SECOND
REPRESENTS THE NUMBER OF CONDUCTORS. HOWEVER DON T FORGET THE SECOND
NUVBER DOES NOT | NCLUDE THE GROUND.

IN THE EXAMPLE THE W RE MJST RECEI VE A TOTAL I N CUBI C | NCHES

NO. 6 = 5.00 CUBIC PER CONDUCTOR

NO. 10 = 2.50 CUBI C PER CONDUCTOR

NO. 12 = 2.25 CUBI C PER CONDUCTOR

5.00 x 3 = 15.00 (1 extra for all grounds)
2.50 x 2 = 5.00

2.25 x 2 = +4. 50

24.50 = TOTAL CUBI C | NCHES

TABLE 370-16(a) CONTAINS A COLUMWN OF M NI MUM CUBI C | NCHES. FI NDI NG THE
CUBI C | NCHES WH CH ARE EQUAL TO OR GREATER THAN THOSE I N THE EXAMPLE
YOU FIND 24.5. TO THE RIGHT OF THESE, THE M NI MUM SI ZE BOX | S FOUND TO
BE A 4 11/16 X 1 1/4 SQUARE

15. CONDUI T:

a. Conduit is a type of tubing that is used to encl ose and
protect electrical wiring. Conduit in nost cases is nade nmechanically
strong, fireproof, noisture or liquid tight with snoboth interiors to
prevent damage to conductors. Conduit that is made of netal has the
ability to be grounded continuously. It cones in standard 10-f oot
lengths with sizes ranging from1/2" to 6" in dianeter. It is
i mportant that the conduit be sized properly for the nunber of
conductors. Chapter 9 tables and exanpl es cover the different nethods
of sizing the conduit. New types of conduit are devel oped constantly.
Most but not all types of conduit are listed in the codebook. 1In a
case where a type of conduit is not listed nmake sure to foll ow the
manuf acturers instructions.



b. There are several tables that deal with sizing conduit and
there are nine notes that deal with the tables. By referencing the
notes you can find out what table is needed for your particular
si tuation.

(1) See Appendix C for the maxi mum nunber of conductors and
fixture wires, all of the sane size (total cross-sectional area
including insulation) pernmitted in trade sizes of the applicable
conduit or tubing.

(2) Table 1 applies only to conplete conduit or tubing
systens and is not intended to apply to sections of conduit or tubing
used to protect exposed wiring from physical damage.

(3) Equi pnent groundi ng or bondi ng conductors, where
i nstall ed, shall be included when cal cul ati ng conduit or tubing fill.
The actual di nensions of the equi pnent groundi ng or bondi ng conduct or
(insulated or bare) shall be used in the calcul ation.

(4) \Where conduit or tubing nipples having a maxi mum | ength
not to exceed 24 in. (610 mMm are installed between boxes, cabinets,
and simlar enclosures, the nipples shall be pernmitted to be filled to
60 percent of their total cross-sectional area, and Section 310-

15(b) (2)(a) adjustnment factors need not apply to this condition.

(5) For conductors not included in Chapter 9, such as
mul ti-conduct or cabl es, the actual dinensions shall be used.

(6) For conbinations of conductors of different sizes, use
Tables 5 and 5A for dinensions of conductors and Table 4 for the
appl i cabl e conduit or tubing di nensions.

(7) When cal cul ating the maxi mum nunber of conductors
permitted in a conduit or tubing, all of the same size (total cross-
sectional area including insulation), the next higher whol e nunber
shall be used to determ ne the naxi num nunber of conductors pernitted
when the calculation results in a decimal of 0.8 or |arger.

(8) \Where bare conductors are pernmtted by other sections
of this Code, the dinensions for bare conductors in Table 8 shall be
permtted.

(9) A multi-conductor cable of two or nore conductors shal
be treated as a single conductor for cal culating percentage conduit
fill area. For cables that have elliptical cross sections, the cross-
sectional area calculation shall be based on using the mgjor dianeter
of the ellipse as a circle dianeter.

16. Branch G rcuit Schedul e:

a. A branch circuit schedule is a formor chart. Wen filled out
it wll show at a glance; the receptacles, switch outlets, and
lighting outlets on each circuit. This is very hel pful when you start
identifying material itens required. In order to prepare a branch



circuit schedule you nmust first prepare a diagramusing a floor plan
showi ng all circuits.

(1) This plan shows each separate circuit and approxi mate
| ocation of each conductor or cable. This plan also shows the
location of all the electrical outlets, switches and |ighting
fixtures.

(2) In drawing out the circuits on a floor plan you nust
first research the device or itemwhich is being installed. The
Nati onal Electric Code covers many rules that are intended to ensure
that the electrical system best serves the user.

(a) Switches should be placed where they are
accessi bl e without reaching behind doors. Wth the w de sel ection of
swi tches on the narket, no one should have to walk into a dark roomto
turn on a light. Article 210-70 states in dwelling unit(s), at |east
one wall switch-controlled Iighting outlet shall be installed in every
habitabl e room in bathroons, hallways, stairways, attached garages,
and detached garages with electric power; and at outdoor
entrances or exits. At least one lighting outlet controlled by a
light switch located at the point of entry to attic, under floor
spaces, utility room and basenent shall be installed only where these
spaces are used for storage or contain equipnment requiring servicing.
When installing a wall switch for lighting on stairways, there shal
be a wall switch at each floor |evel where the difference between
floor levels is six steps or nore.

(b) The required placenent of receptacle outlets can
be found in several articles in the Codebook. The follow ng articles
cover sonme of these requirenents.

1 Information about receptacle outlets in
dwellings is covered in article 210.52. This article states in every
kitchen, famly room dining room living room parlor, library, den
sun room bedroom recreation room or simlar roomor area of
dwelling units, receptacle outlets shall be installed so that no point
along the floor line in any wall space is nore than 6 feet neasured
horizontal ly.

2 Article 210-52(b) states: in the kitchen
pantry, breakfast room dining room or simlar area of a dwelling
unit, the two or nore 20-anpere snall-appliance branch circuits
required by Section 210-11(c)(1) shall serve all receptacle outlets
covered by Sections 210-52(a) and (c) and receptacle outlets for
refrigeration equipnment. Article 210-52(b)(2) requires the two or
nore snal | -appliance branch circuits specified in (b)(1) shall have no
other outlets. Article 210-52(b)(3) states: receptacles installed in
a kitchen to serve countertop surfaces shall be supplied by not |ess
than two smal | -appliance branch circuits, either or both of which
shall also be pernmitted to supply receptacle outlets in the sane
kitchen and in other roons specified in Section 210-52(b)(1).
Additional small-appliance branch circuits shall be pernitted to
supply receptacle outlets in the kitchen and other roons specified in



Section 210-52(b)(1). No small-appliance branch circuit shall serve
nore than one kitchen. Article 210-52(c) further covers receptacle
outlets for counter tops.

3 Article 210-52(d) requires that at |east one
wal | receptacle outlet shall be installed in bathroonms within 36 in.
(914 mm of the outside edge of each basin. The receptacle outl et
shall be located on a wall that is adjacent to the basin | ocation.
Article 210-8(a)(1) further requires this outlet to be ground-fault
pr ot ect ed.

4 Article 210-52(e) states: for a one-famly
dwel ling and each unit of a two-famly dwelling that is at grade
| evel, at |east one receptacle outlet accessible at grade |evel and
not nore than 6% ft (1.98 m above grade shall be installed at the
front and back of the dwelling. Article 210-8(a)(3) requires this
outlet to also be ground-fault protected.

5 Article 210-52(f) requires in dwelling units
at | east one receptacle outlet shall be installed for the |laundry.

6 Article 210-52(g) states: for a one-famly
dwel ling, at |least one receptacle outlet, in addition to any provided
for laundry equi pnment, shall be installed in each basenment and in each
attached garage, and in each detached garage with electric power. See
Sections 210-8(a)(2) and (a)(5). Were a portion of the basenent is
finished into a habitable room(s), the receptacle outlet required by
this section shall be installed in the unfinished portion.

7 Article 210-52(h) requires hallways of 10 feet
or nore in length to have at | east one receptacle outlet.

(3) After looking up the requirenents for the circuits to
be installed, the follow ng steps should be followed for conpleting
the wiring di agram

(a) Draw the synbols for all the required conponent
outlets and devices in place on the floor plans where they neet Code
standards and best serve the user of the electrical system

(b) Calculate the anperes for each conponent and
sel ect the nunber of fixtures and devices to be included in each
branch circuit so that the total anperes of that circuit neets the
requi rement of the code and does not exceed the planed capacity or
size of the selected conductor to supply that branch circuit. You
must research demands for |oads to be served by the system For
exanpl e: the demand for general outlets is 180 volt-anperes, |aundry
circuit is 1500 volt-anperes, and the small appliance circuits are to
be rated 1500 each, etc.

(c) Draw lines indicating the route the cables will
travel, and draw lines crossing the cable to indicate the nunber of
wires required for the circuit to function.



(d) Draw the synbol for each circuit, and place the
nunber al ong side this synbol to identify the circuit. There should
only be one circuit using any one nunber for identification.

(4) Starting off with the first circuit nunber, start
filling out the branch circuit schedul e.

(a) Wite the nunber of the first circuit in the far-
| eft colum. The circuit nunbers need to be in nunerical order

(b) In the second columm wite the |ocation for each
area the circuit travels. This is for any conponent that is part of
that circuit which travels into any room

(c) Listed across the top of the branch circuit
schedul e are the headings for columms such as lighting outlets, switch
outl ets and receptacle outlets. Under each of these headings are
colums | abeled by the type of lighting outlet or type of switch etc.
In these columms corresponding to the circuit nunber to the left, is
the quantity of those conponents.

17. Branch Circuit Material Schedul e:

a. When prepared, the branch circuit schedul e contains the
required anount of material to wire the building. This formw |l take
nore time than the others to conplete

b. The first colum lists the circuit nunbers for each circuit.
Across the top are headi ngs, below that are spaces for the quantity of
those itens that correspond with the circuit in which they are
intended to be a part. Al colums have a total

c. The section for cable has three colums. Headings for each
colum identify the wire size and nunber of conductors of the cabl e,
i.e. 12-3 or 12-2. These columms can al so be used for conduit by
writing in the size of conduit in the heading. Below the heading |ist
the anount of material in feet according to the anount required for
each circuit. Enter the subtotal for the amount of material bel ow
I ncrease the subtotal for wire or conduit by 10%to ensure enough
materials. The best nmethod to estimate the anmpbunt of cable required
for each circuit is to use a scale and neasure the distance on the
plan. The route in which the wire will travel is inportant i.e. wll
it travel through the attic or under the floor

d. The section for boxes has three colums. Each colum is
| abel ed with the type and size of box for the colum. Enter in these
colums the quantity of each type of box corresponding to the proper
circuit.

e. The section for switches has two colums. Each colum is
| abeled to identify the types of switches. Enter in each colum the
quantity of switches for each type, corresponding to the proper
circuit.



f. The section for receptacles has four colums. Each colum is
| abeled to identify the type of receptacle. Enter in each colum the
quantity of receptacles according to type that corresponds to the
proper circuit.

g. The section for plates has four colums. Each colum is
| abeled to identify the type of plate and/or cover. Enter in each
colum the quantity of plates and covers for each type that
corresponds to boxes and the proper circuit.

h. The last three colums list wire nuts, hangers and box ground
screws. Below each of these headings are the quantity of each item
whi ch corresponds with the proper circuit.

18. Service Mterial Schedul e:

a. Enter the itens needed for the service in the first columm of
this form Sone itens |ike the service entrance wire, main breaker
and groundi ng el ectrode conductor require a total calculation for the
demand on the structure and the cross reference of tables for sizes.

b. List the nunber of the itens needed in the second col um.

c. Show the footage in the third colum if it is applicable.

19. Lighting Fi xture Schedul e:

a. The lighting fixture schedule shows lighting fixtures on each
circuit.

(1) There are several different types of lighting fixtures
that are identified by letters.

(a) The letters that identify the type of lighting
fixture are placed on the electrical diagram

(b) The lighting fixture schedule list colums with
these letters that identify the type of fixture. The nunber of
lighting fixtures for each type is listed and corresponds to the
circuit it is supplied by.

b. Always include a | egend that designates which type of |ighting
fixtures are represented by each of the letters. For exanple: A
singl e bulb 60WATT fixtures will be designated as type “A’ fixtures.

REFERENCES: TM 5-704
Wring Skills, Unit 1
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